Introduction
This summary reviews the southern hemisphere and equatorial climate patterns for winter 2008, with particular attention given to the Australasian and Pacific regions. The main sources of information for this report are analyses prepared by the Bureau of Meteorology's National Climate Centre and the Centre for Australian Weather and Climate Research (CAWCR). The June-July and July-August values of the Climate Diagnostics Center (CDC) bi-monthly Multivariate El Niño-Southern Oscillation (ENSO) Index (MEI; Timlin 1993, 1998) The Troup Southern Oscillation Index (Troup 1965) used in this article is ten times the standardised monthly anomaly of the difference in mean sea-level pressure (MSLP) between Tahiti and Darwin. The calculation is based on a sixty-year climatology . The Tahiti MSLP data are provided by Météo France interregional direction for French Polynesia. The principal component analysis and standardisation of this ENSO index is performed over the period 1950-1999. 3 Obtained from http://www.bom.gov.au/climate/current/soihtm1.shtml. As with the SOI calculation, the Tahiti MSLP data are provided by Météo France interregional direction for French Polynesia. Outgoing long-wave radiation
Pacific Basin climate indices
The Climate Prediction Center, Washington, computes a standardised monthly anomaly 6 of outgoing long-wave radiation (OLR) for an equatorial region ranging from 5°S to 5°N and 160°E to 160°W (not shown). Tropical deep convection in this region is particularly sensitive to changes in the phase of the Southern Oscillation. During El Niño events, convection is generally more prevalent resulting in a reduction in OLR. This reduction is due to the lower effective black-body temperature and is associated with increased high cloud and deep convection. The reverse applies in La Niña events, with less convection in the vicinity of the date-line (and consequently, positive anomalous OLR). Monthly values for the season were +0.4 (June), +0.9 (July) and +0.7 (August), well below the peak values of +2.5 (February) and +2.4 (March) associated with the peak intensity of the 2007-08 La Niña. Nevertheless, the winter monthly values of this index continued a sequence of consistently positive values which began in February 2007. Figure 3 shows the seasonal OLR anomalies for the AsiaPacific region between 40°N and 40°S. Positive anomalies were observed on the equator around and to the west of the date-line (which coincides with the right boundary of the map). While positive anomalies in this region are consistent with La Niña, the magnitude of the winter anomalies was considerably less than those observed in summer 2007-08 (Wheeler 2008 ) and autumn 2008 (Duell 2009 ).
Oceanic patterns
Sea-surface temperatures Figure 4 shows winter 2008 sea-surface temperature (SST) anomalies in degrees Celsius (°C). These have been obtained from the National Oceanic and Atmospheric Administration (NOAA) Optimum Interpolation analyses (Reynolds et al. 2002) . The base period is . The seasonal pattern of SST anomalies in the tropical Pacific Ocean was characterised by a weak El Niño-like pattern in the east surrounded by a rotated "V" pattern of negative anomalies in the centre extending northeast (southeast) into the northern (southern) hemisphere. The negative anomalies in the central equatorial Pacific were considerably weaker than those of summer (Wheeler 2008) and autumn (Duell 2009 ). These negative anomalies were themselves surrounded by a pattern of positive anomalies, the southern branch of which covered much of the Coral Sea. The anomalous warmth of the Coral Sea may have contributed to above average rainfall in eastern Queensland (see below); an area of negative OLR anomalies (Fig. 3 ) near the eastern Queensland coast is consistent with this.
The SST anomaly indices 7 for the NINO3 region were +0.23 (June), +0.65 (July) and +0.77 (August), those for the NINO3.4 region −0.36 (June), +0.12 (July) and +0.14 (August), and those for the NINO4 region −0.50 (June), −0.29 (July) and −0.21 (August). These values are consistent with the equatorial pattern of the anomalies shown in Fig. 4 . In the Australian region, SSTs were generally cooler than average around the northern coastline and waters immediately to Australia's north, with warmer than average waters around the southern half of the country. Indian Ocean SSTs were warmer than average in a broad arc stretching from India down to Western Australia (WA). Cooler than average SSTs prevailed along the east coast of Africa and waters immediately to the southwest of Sumatra, an area corresponding closely to that used for the eastern pole in the construction of the monthly Indian Ocean Dipole (IOD) index 8 of Saji et al. (1999) In other words, winter 2008 was the third winter in succession characterised by a positive IOD mode. The winter seasonal average of this index is negatively correlated with winter rainfall across most of the southern half of Australia (coastal New South Wales being the principal exception). ). Base period 1979 to 1998. The mapped region extends from 40°S to 40°N and 70°E to 180°E. 
Subsurface patterns
The Hovmöller diagram for the 20°C isotherm depth anomaly (obtained from CAWCR) across the equator (January 2001 to August 2008) is shown in Fig. 5 . The 20°C isotherm is generally situated close to the equatorial thermocline, the region of greatest temperature gradient with depth and the boundary between the warm near-surface and cold deepocean waters. Positive anomalies correspond to the 20°C isotherm being deeper than average, and negative anomalies to it being shallower than average. Changes in the thermocline depth may act as a precursor to subsequent changes at the surface.
In the early part of winter, strong positive anomalies still existed west of the date-line (between about 140°E and 180°E), as they had since the start of the year. This pattern, the strongest observed in this region since at least 2001, weakened considerably through the course of autumn and winter. A down-welling Kelvin wave of moderate intensity propagated across the equatorial Pacific during autumn and winter, with the strongest positive anomalies occurring at 90°W in July. The progression of this Kelvin wave can also be seen in 
Atmospheric patterns

Surface analyses
The winter 2008 mean sea-level pressure (MSLP) pattern, computed by the Bureau of Meteorology's Global Assimilation and Prognosis (GASP) model, is shown in Fig. 7 , and the associated anomaly pattern in Fig. 8 . These anomalies are the difference from a 1979-2000 climatology obtained from the National Centers for Environmental Prediction (NCEP) II Reanalysis data (Kanamitsu et al. 2002) . The MSLP analysis has been computed using data from the 0000 UTC daily analyses of the GASP model. The MSLP anomaly field is not shown over areas of elevated topography (grey shading).
The winter 2008 MSLP pattern (Fig. 7) showed something of a four-wave pattern in the mid to high latitudes, with troughs located at approximately 100°E, 170°W, 90°W and 10°W. There were two principal centres in the polar trough around the Antarctic continent, located at around 100°E and 135°W. The subtropical ridge was clearly in evidence in Australian region, with a centre of high pressure (1026 hPa) just north of the Great Australian Bight.
That the subtropical ridge was stronger than normal can be seen in the anomaly pattern (Fig. 8) , with a ridge of positive anomalies extending from Australia and the Southern Ocean negatively correlated with winter rainfall across southern New South Wales, Victoria, Tasmania and the southwest coast of Western Australia between Albany and Geraldton.
Mid-tropospheric analyses
The 500 hPa geopotential height (an indicator of the steering of surface synoptic systems) across the southern hemisphere is shown in Fig. 9 , with the associated anomalies shown in Fig. 10 . The four-wave pattern present at the surface (Fig.  7) is also visible in Fig. 9 , although the overall appearance of the field is quite zonal. There is a slight divergence in the seasonal flow over the Tasman Sea immediately to the west of New Zealand, something that is often seen at the seasonal time scale. The split flow near New Zealand was sufficient westward across the South Indian Ocean as far as 30°W.
Apart from an interruption to the pattern just east of New Zealand, these positive anomalies (and the implied southward shift of the subtropical ridge) extended around most of the hemisphere. In contrast, negative anomalies hugged the coast of Antarctica; in combination, these patterns suggest a positive mode of the Southern Annular Mode (SAM). The monthly SAM index 9 remained positive during winter 2008, forming the start of a new sequence of consistently positive values. The winter seasonal average of this index is Winter 2008 500 hPa mean geopotential height (gpm). Obtained from http://www.cpc.noaa.gov/products/precip/CWlink/daily_ao_index/aao/monthly.aao.index.b79.current.ascii.table, and derived from daily 700 hPa height anomalies south of 20°S.
to produce an isolated centre of negative anomalies and was associated with blocking (see Figs 11 and 12 ). The seasonal anomaly pattern (Fig. 10 ) is similar to that of Fig. 8 .
Blocking
The time-longitude section of the daily southern hemisphere blocking index (BI) is shown in Fig. 11 , with the start of the season at the top of the figure. This index is a measure of the strength of the zonal 500 hPa flow in the mid-latitudes (40°S to 50°S) relative to that of the subtropical (25°S to 30°S) and high (55°S to 60°S) latitudes. Positive values of the blocking index are generally associated with a split in the mid-latitude westerly flow centred near 45°S and mid-latitude blocking activity.
Blocking activity was fairly consistent across Australian longitudes (120°E to 180°) in winter, after a quiet first two weeks. Figure 12 , which shows the seasonal index for each longitude, indicates that this was quite close to average around Australia, although between about 60°W and 90°E blocking was well above average, consistent with the poleward shift in the subtropical ridge mentioned previously.
Winds
Winter 2008 low-level (850 hPa) and upperlevel (200 hPa) wind anomalies (from the 22-year NCEP II climatology) are shown in Figs 13 and 14 respectively. Isotach contours are at 5 m s −1 intervals, and in Fig. 13 , regions where the surface rises above the 850 hPa level are shaded grey. The low-level wind anomalies (Fig. 13) generally reflected the MSLP anomalies (Fig. 8) , and were quite small across most of the South Pacific, South Indian and Southern Oceans. Low-level wind anomalies were easterly across the western half of Australia, but more variable in direction across the eastern half.
The upper-level wind anomalies (Fig. 14) showed a more varied pattern in the southern hemisphere, with westerly anomalies on the equator around the date-line and a broad cyclonic anomaly across Western Australia and the Timor Sea. ).
Australian region
Rainfall Figure 15 shows the winter rainfall totals for Australia, while Fig. 16 shows the winter rainfall deciles, where the deciles are calculated with respect to gridded rainfall data for all winters from 1900 to 2008. Winter rainfall showed a fairly neutral pattern (Fig. 16) , following a notably dry autumn (Duell 2009 ). Small areas of very much below average (decile 1) were scattered across WA, the Northern Territory (NT) and Tasmania (amounting to just 1.1 per cent of the country, with just 0.3 per cent of the country being in severe rainfall deficiency or below the 5th percentile for the season), while larger contiguous areas of very much above average (decile 10) rainfall were found in a few places in central and northern Australia (amounting to 3.5 per cent of the country). Nationally averaged, the seasonal rainfall was 60 mm, 5 mm below the 1961-1990 mean. Only Queensland and the NT recorded above-median regionally averaged totals, although it should be noted that these above-median falls do not constitute large amounts of rain. For example, totals a little over 100 mm in the southern inland of Cape York Peninsula, most of which fell in a single event in the fourth week of July, were sufficient to be the highest on record. Table 1 summarises ), together with adjacent parts of far western Queensland (12.1 per cent), northwest South Australia (32.9 per cent) and eastern WA (14.5 per cent). Northern and eastern Tasmania (51.5 per cent), and coastal Victoria (15.2 per cent) were also affected. For this period, 11.3 per cent of the country was in severe rainfall deficiency (below the 5th percentile).
For shorter or longer drought assessment periods, the total national area in serious rainfall deficiency was less than this local temporal maximum, with another local temporal maximum at a period length of 15 months for periods end- Tables 2 and 3 . These averages are available from 1950 to the present. All ranking of the winter 2008 temperatures against the historical record is done in terms of this high-quality subset.
Seasonal maximum temperatures for winter 2008 were close to average across most of the country, with anomalies reaching +2°C only in the far west of the country. Departures from average exceeding 1°C in magnitude were recorded in the NT and all states, apart from Victoria. These departures were most widespread in WA, with substantial areas recording positive anomalies between +1 and +2°C. Nevertheless, only in the far northern NT were very much above average (decile 10) seasonal maximum temperatures observed. In area-averaged terms, winter was slightly warmer than average (with an anomaly of +0.32°C). More extreme outcomes were seen in individual months. Warm conditions occurred in southeast Australia in June: it was the second warmest June in the 1950-2008 period for Tasmania, third warmest in Victoria and equal fourth warmest in NSW. Conversely, August maximum temperatures were well below normal through much of Australia.
Seasonal minimum temperatures for winter 2008 were likewise close to average across most of the country, with 70 per cent of the country experiencing in the near-normal range (deciles 4 to 7). The national anomaly was only −0.03°C (Table 3) . Very much below average (decile 1) temperatures were observed in two small regions of coastal Western Australia, around Albany and Carnarvon. As for maxima, aboveaverage temperatures in June were offset by below-average temperatures in August, including a Western Australian record low of −7.2°C at Eyre on 17 August.
